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Abstract 


Madhya Pradesh, India; pratyushm.zsiegmail.com 


The Dicroglossidae frogs of genus Fejervarya Bolkay, 1915 are morphologically cryptic and represented by one of the 
widespread group of frogs across the tropical Asia comprising about 45 species. Being morphologically cryptic, taxonomic 
status for many of the species remains uncertain. Recent studies using integrative taxonomic approach have revealed 
the existence of many novel and hitherto undescribed species. Herewith, we describe two new species of Fejervarya viz. 
Fejervarya kalinga sp. nov. and Fejervarya krishnan sp. nov. from peninsular India having morphological and phylogenetic 
distinctness. Detailed morphological descriptions and comparisons with the known congeners along with their systematic 
relationship inferred from phylogenetic analyses are presented herein. Taxonomic problems within the genus for the 
peninsular India and the pattern of phylogenetic relationships are also presented. 
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Introduction 


The Asian cricket frogs of genus Fejervarya Bolkay, 
1915 is one of the speciose groups in the anuran family 
Dicroglossidae (Dubois, 1975; Das and Dutta, 1998) and 
currently consists of 45 species distributed in South and 
South East Asia (Frost, 2018). Members of this genus 
can be diagnosed from the rest of Dicroglossid frogs by 
presence of fejervaryan lines on both sides on the ventro- 
lateral sides. These frogs are generally small to medium 
sized, semi-aquatic in habit and mostly live near the edge 
of ponds, marshes, rivers, forest streams and paddy fields. 
Being cryptic, mainly because of the conserved external 
morphological attributes (Dubois, 1987; Toda et al. 1998; 
Chanda, 2002; Daniels, 2005; Kuramoto et al, 2007; 


Garg and Biju, 2017), these frogs are generally difficult 
to identify based on only morphological characters 
and hence, identification of this group currently aided 
by acoustic as well as genetic analysis (Dutta and 
Manamendra-Arachchi, 1996; Dutta and Singh, 1996; 
Matsui et al., 2007). Genetic studies on this group have 
revealed that some morphologically defined species in 
this group are actually species complexes (Sumida et 
al, 2002; Kurabayashi et al., 2005; Djong et al., 2007; 
Matsui et al., 2007; Sumida et al., 2007; Islam et al., 2008; 
Meenakshi et al, 2010; Hasan et al, 2012; Garg and 
Biju, 2017). Hence, the systematics of these frogs has 
undergone many revisions in the last few years (Fei et al., 
2002; Frost et al., 2006; Howlader, 2011; Ohler et al., 2014; 
Dinesh et al., 2015). 
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The Peninsular India harbors a unique and diverse 
amphibian fauna. In recent years, many new species have 
been described from this region having bio-geographic 
and conservation significance (Daniels, 1992; Dubois, 
1999; Bossuyt and Milinkovitch, 2000; Biju and Bossuyt, 
2003; Dutta et al., 2004; Van Bocxlaer et al., 2006). The 
Indian sub-continent is represented by 29 species of 
Fejervarya (Dinesh et al., 2017; Frost, 2018) of which 
the type localities for four species viz, E cancrivora, 
E. nepalensis, F. pierrei and F. teraiensis fall outside the 
political boundaries of India though their range extends 
into the mainland of India. Among the rest, 25 species 
that are described from India, type localities of two species 
are from Northeast India (E chilapata and EF. sengupti); 
two species from Indian Islands (E andamanensis 
and F. nicobariensis); 20 species from Western Ghats 
(E. brevipalmata, F. caperata, F. cepfi, E. gomantaki, F. 
granosa, E. kadar, F. keralensis, F. kudremukhensis, E 
manoharani, E modesta, E mudduraja, E. murthii, F. 
mysorensis, F. neilcoxi, E. nilagirica, F. parambikulamana, 
F. rufescens, F. sahyadris, E. sauriceps and E. syhadrensis) 
and one species from Eastern Ghats (F orissaensis). 
Further, among the Fejervarya frogs described from 
India there are taxonomic issues like, erroneous type 
locality data (e.g., E brevipalmata) and missing or loss of 
the type specimens (e.g. E modesta, F. parambikulamana 
and E sauriceps) (Frost, 2018). Also for two species viz. F 
murthii and E mysorensis, there is no further record apart 
from type collections (Frost, 2018). 

During our recent field surveys in the Eastern 
Ghats and the Western Ghats of Peninsular India, we 
encountered several individuals which are assignable to 
the genus Fejervarya based on the diagnosable generic 
morphological characters assigned by Bolkay, 1915 for the 
genus (Dinesh et al., 2015) and those did not match the 
descriptions ofany extant taxon ofthe group. Phylogenetic 
analysis confirmed our generic allocation and availability 
of two new taxa. Herewith, we describe two new species, 
one each from the Eastern and the Western Ghats having 
morphological and genetic distinctness from each other 
as well as from other members of this group. 


Materials and Methods 


The field study was conducted during 2015 and 2016 
(Figure 1 shows sampled localities). Specimens were 
euthanized and fixed in 1096 buffered formalin for 24 
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hours before preserving in 70% ethanol. Details of the 
habitat along with natural history notes of the collected 
specimens were recorded onsite. Live photographs were 
taken within 30 minutes of collection of the samples 
and the fixed specimen photographs were taken in the 
laboratory before depositing in the museum. Specimens 
are deposited in the national zoological collection of 
Zoological Survey of India, Western Ghats Regional 
Centre, Pune and in the Vertebrate museum at Wildlife 
Institute of India (WII). For molecular analysis, muscle 
tissue samples from thigh region were collected in 10096 
ethanol (Merck, Germany). DNA was extracted from 
the tissue samples, using DNeasy blood and tissue kit 
(Qiagen, Germany) following manufacturers protocol. 
PCR was carried out for 16S and 128 rRNA genes. The 16S 
rRNA was amplified using the forward primer 16Sar-L: 
5'-GCCTGTTTATCAAAAACAT-3' and reverse primer 
16Sbr-H: 5'CCGGICTGAACTCAGATCACGT-3) 
(Palumbi et al, 1991). Similarly the 12S rRNA 
was amplified using the forward primer FS01 
5'-ACGCTAAGATGAACCCTAAAAAGTTCT-3' 
and reverse primer R16MI: 5-GGGTATCTAATCCC 
AGTTTG- 3’) (Sumida et al, 1998). Each 25ul PCR 
amplification mixture composed of 2.5ul MgCl, 2.5 
pl PCR buffer, 2.5ul of dNTPs, 0.25 ul of each primer 
(forward and reverse), lul of purified DNA, 0.67ul of 
Taq polymerase (Bangalore Genei Pvt. Ltd.), and rest 
Milli-Q water. The target regions were amplified using 
the PCR profile comprising an initial hot start at 94°C 
(4 min), followed by 40 cycles of 94°C denaturation (45 
sec), 47.1°C annealing (1 min) and 72°C extension (1 
min), and a final extension at 72?C for 10 min. The PCR 
products generated were purified using spin columns and 
then sequenced using 3130xl Genetic Analyzer. 

For phylogenetic reconstruction, 16S rRNA and 12S 
rRNA sequences from Dinesh et al., 2015, Dahanukar 
et al., 2017 and Garg and Biju (2017) along with the two 
undescribed Fejevraya sp. phylogenies were constructed 
using maximum likelihood, as implemented in RAxML v. 
8. (Stamatakis, 2014). The RAxML v. 8 uses only the GTR 
model (general time reversible), and so analyses of model 
fitting were not performed, given that all other substitution 
models represent special cases of GTR. A parameter for 
variation in rates among sites (T) along with invariant 
sites parameter was also included (GTR+G+1). To find 
the optimal likelihood tree, 250 independent tree searches 
on the partitioned data were performed. The support for 
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individual branches was evaluated using nonparametric 
bootstrapping using 1000 bootstrap replicates. The 
dataset included sequences from Fejeravarya sp. from 
south and South East Asia and Occidozyga was used as 
the out-group following Dinesh et al. (2015). 

Uncorrected pair-wise genetic distances (p-distances) 
were computed in MEGA v.6 to delineate species from 
their congeneric sister taxon using 16s rRNA gene data 
(Vences et al. 2005). For lineage diagnosis, multiple 
criteria were used like phylogeny, genetic distance, 
geographic isolation and morphological characters 
following Vijayakumar et al., (2014) and Dinesh et al. 
(2015). 

Morphological measurements are taken using a SPI 
Polymid Dial Caliper to the nearest 0.1 mm and minute 
morphological characters were observed under LEICA 
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EZ4 Stereo-Zoom microscope (Table 1 and 2). Principal 
Component Analysis (PCA) was performed in PAST 
version 3.18 (Hammer et al., 2001). We used allometric 
ratios of eight and eighteen morphometric variables for 
larger and smaller Fejervarya species respectively from 
the published data provided in Dutta (1997), Ohler et al., 
(2009) and Dinesh et al. (2015) (Table 3 and 4). The web 
formula followed is after Myers and Duellman (1982). 


Abbreviations 


SVL, Snout-Vent Length (from tip of snout to vent); SL, 
Snout Length (from the anterior corner of eye to snout 
tip); EN, Eye to Nostril distance (distance between 
anterior most point of eyes and nostrils); NS, Nostril to 
Snout distance (distance between anterior most point of 
nostril to snout tip); INS, Inter-Narial Space (distance 
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Figure l. Map showing distribution of Fejervarya kalinga sp. nov. (in triangles, type locality in purple) and 


Fejervarya krishnan sp. nov. (in circle). 
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between nostrils); IOS, Inter-Orbital Space (least distance 
between upper eyelids); TE, Tympanum to posterior 
corner of Eye distance; UE Upper Eyelid width; ED, eye 
diameter (horizontal diameter of the eyes); HL, Head 
Length (distance between angle of jaws and snout-tip); 
HWN, Head Width at Nostrils; HWAE, Head Width at 
the Anterior Corner of Eye (width of head at the level 
of anterior corner of eye); HWPE, Head Width at the 
Posterior Corner of Eye (width of the head at the level 
of posterior corner of eye); HWAJ, head width at angle 
of jaw (width of head at the level of jaw angle); HTYD, 
Horizontal Tympanic Diameter (greatest tympanum 
diameter along horizontal plane); VTYD, Vertical 
Tympanic Diameter (greatest tympanum diameter along 
vertical plane;) MN, Mandible to Nostril (distance from 
posterior corner of the mandible to the nostril); MAE, 
Mandible to Anterior part of Eye (distance from posterior 
corner of the mandible to the anterior corner of the eye); 
MPE, Mandible to Posterior part of Eye (distance from 
posterior corner of the mandible to the posterior corner 
of the eye); IAE, distance between anterior corner of 
eye; IPE, distance between posterior corner of eye; FaL, 
Forearm Length; HaL, Hand Length; F1 to F4, length of 
Ist to 4th fingers (from the base to the tip of the respective 
finger); AG, forearm pit to groin length; TBL, Tibia 
Length (distance between surface of knee and surface 
of heel, with both tibia and tarsus flexed); TBW, Tibia 
Width (maximum width of tibia along its length); TiL, 
Thigh Length; TL, Tarsal Length; FtL, Foot Length; T1 to 
T5, individual length of all toes (from proximal end of 
inner metatarsal tubercle to the tip of the respective toe); 
WIL, Wildlife Institute of India; ZSI, Zoological Survey of 
India. 


Results 


Systematic Accounts 

Both the new species is assignable to the genus Fejervarya 
Bolkay, 1915 based on the morphological characters 
and phylogenetic position within the ‘Fejervarya clade 
(Dinesh et al., 2015) (Figure 2). 


Species Description 


Fejervarya kalinga sp. nov. 
(Table 1 and 3; Refer Figures 1, 2, 3, 4 and 5) 
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Materials examined: Holotype: Adult male: India, 
Odisha, Mahendragiri, Gajapati District (N 18.94162°, 
E 84.33361?), altitude 1210m ASL, 15-VI-2016, coll. S.K. 
Dutta and P.P. Mohaptra (Regd. No. ZSI/WRC/A/2018). 


Paratypes: Two males and two females. Male: India, 
Odisha, Khordha district, Barbara Reserve Forest (RF), 
Mahulia, (N19.88692?, E85.00944?), Alt 728m ASL, coll. 
S.K. Dutta and P.P. Mohapatra, (ZSI/WRC/A/2019); Male: 
India, Odisha, Dhenkanal district, Hindol, Rajanga forest, 
(N20.53103°, E85.30583°), Alt 626m ASL, coll. S.K. Dutta, 
(ZSI/WRC/A/2020); Female, India, Andhra Pradesh, 
Visakhapatnam district, Sileru, (N18.0482°, E82.0339°), 
Alt. 1196m ASL, coll. Prudhvi Raj, (ZSI/WRC/A/2021); 
and Female, India, Odisha, Gajapati district, Mahendragiri, 
(N18.94162°, E84.33361°), Alt. 1210m ASL, coll. S.K. 
Dutta and P.P. Mohapatra (ZSI/WRC/2022). 


Lineage diagnosis (Figure 2): Fejervarya kalinga sp. nov. 
can be diagnosed phylogenetically as a member of the 
fejervaryan clade, showing a sister relationship to E 
keralensis, exhibiting high level of genetic divergence 
of 7% for 16S rRNA. Morphologically males of the new 
species can be distinguished from E keralensis in having 
relatively larger SVL (40.4mm + 2.81 mm, n-4) (vs. 
relatively smaller SVL 37.5mm +3.36, n=5 in E keralensis); 
greater HL/SVL ratio of 0.373 (0.354 to 0.401,n=4) (vs. 
smaller HL/SVL ratio of 0.306, n-5 in E keralensis); 
greater ED/SVL ratio of 0.149 (0.144 to 0.155, n=4) (vs. 
lesser ED/SVL ratio of 0.122, n=5 in E keralensis); higher 
IOS/SVL ratio of 0.078 (0.071 to 0.089, n=4) (vs. lower 
IOS/SVL ratio 0.061, n=5 in E keralensis); higher ThL/ 
SVL ratio of 0.523 (0.484 to 0.579, n=4) (vs. lower ThL/ 
SVL ratio of 0.474, n=5 in E keralensis). The adult females 
of Fejervarya kalinga sp. nov. have relatively larger SVL 
54.5mm + 5.46, n=6 (vs. relatively smaller SVL 48.9 mm 
t 7.58 mm, n-5 in E keralensis); greater HL/SVL ratio 
of 0.356 (0.356 to 0.379,n=6) (vs. lower HL/SVL ratio of 
0.319, n=5 in E keralensis); a lower INS/SVL ratio of 0.077 
(0.068 to 0.088, n=6) (vs. higher INS/SVL ratio 0.089, n=5 
in E keralensis); greater ED/SVL ratio of 0.122 (0.114 to 
0.132, n=6) (vs. lower ED /SVL ratio of 0.110, n=5 in E 
keralensis). 


Morphological diagnosis: In the field, Fejervarya kalinga 
sp. nov. can be identified based on the combination of 
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Fejervarya multistiata Taiwan 
Fejervarya limnocharis Java 
Fejervarya sp. Thailand 
Fejervarya cancri vora 
Sohaerotheca breviceps 
Sohaerotheca pluvialis 
Sohaerotheca dobsonii 
Hoplobatrachus tigerinus 
Euphlyctis cyanophlyctis 
Occidozyga sp. 

Occidozyga lima 


Figure 2. Maximum Likelihood (ML) tree for 42 dicroglossid species based on 5722 bp of mitochondrial and nuclear genes 
(16s, 12s, BDNF, Rhod, Tyr, RAG-2, NCX1, and CXCR4). 


morphological characters including large adult size 
(mean SVL being 40.4 mm in males and 54.5 mm 
in females); snout pointed in the dorsal and ventral 
profile; nostrils nearer to snout than to eye; tympanum 
prominent and more than 5096 of the eye diameter; fore 
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arm shorter than hand; first finger longer than second; 
hind limbs overlap when folded at right angles to the 
body, tibio-tarsal articulation reaches the snout tip; thigh 
length less than tibia length; webbing medium (I 2-1 II 
2-2 III 3-3 IV 3-3 V). 
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Description of Holotype (ZSI/WRC/A/2018) (Figures 3 
and 4): A large sized Fejervarya species (SVL: 41.9mm) 
with robust body; head length shorter than head width 
(HL: 15mm; HW: 15.6mm); snout pointed from above 
(SL: 7.5mm); canthus rostralis rather angled, loreal region 
concave with granules; nostrils round and nearer to snout 
than to eye; upper eyelid width less than eye diameter 
(UE: 4mm; ED: 6.5mm); inter narial distance (IN: 3.5mm) 
slightly greater than inter orbital distance (IOS: 3.5mm); 
distance between back of eyes 1.4 times more than front 
of eyes (IAE: 7.4mm; IPE: 10.2mm); supra-tympanic fold 
distinct; tympanum prominent and elliptical (HTYD: 
4mm; VTYD:3.8mm) and diameter about 61% of eye 
diameter; choanae are widely separated; vomerine teeth 
long, ellipsoidal and arranged in a single row; anterior 
part of vomerine teeth series moderately separated from 
choanae; tip of tongue bifurcated. 


Forearm robust (FaL: 8.5mm) and shorter than hand 
(HAL: 9.3mm); fingers long and moderately thick 
with rounded tips; no dermal fringes; webbing absent; 
subarticular tubercles distinct; palmar tubercles present 
and distinct; then a tubercle oval and prominent; finger 
lengths II<IV<I<III. 


Hind limbs long and overlap when folded at right angles 
to the body; tibio-tarsal articulation almost reaches 
the snout tip; thigh length less than tibia length (TBL: 
23.2mm; TiL: 21.6mm); foot length is 1.9 times tarsus 
length (FtL: 19.8mm, TaL = 10.2mm), relative toe length 
I<II<IH<V<IV; toe tip rounded; webbing medium (I 2- 1 
II 2-2 II 3-3 IV 3-3 V); inner metatarsal tubercle long and 
oval and outer metatarsal tubercle round and tiny; tarsal 
fold present; no dermal ridge along outer edge of fifth toe. 


Snout and upper eyelid tuberculated with few tiny 
dermal granules; few tubercles in inter orbital space; 
lateral side of body with short and slightly thick ridges; 
numerous longitudinal dermal ridges on the dorsum that 
are relatively short and arranged randomly; upper part 
of flank, from arm pit to groin and lower part of flank 
granular; ventrally smooth on throat, belly and thighs; 
antero-dorsal region of thighs and dorsal surface of tibia 
with small granules; tarsus smooth dorsally; few granules 
around the vent. Supra-tympanic fold prominent, ending 
at postero-ventral portion of tympanum, reaching up to 
the base of forelimb. 
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In preservation, dorsum is dark brown; W-shaped 
marking present behind the head on the dorsum; groin 
region speckled; both fore limb and hind limb are 
prominently barred with dark bands (forearm, dorsal side 
of thigh, tibia, tarsus and foot); ventrally black marking 
on throat; belly and rest of the ventral region dirty white. 


Secondary Sexual Characters: Males have external vocal 
sac at the region of throat which is light black in colour 
and faint nuptial pad present on the first finger. 


Additional Information from Paratypes and Referred 
Specimens: Variation in morphometric characters is 
shown in Table 1 for comparison. Paratypes resemble the 
holotype in all aspects of morphology. Mid dorsal line 
was not observed in any of the specimens used in the 
current study. 


Etymology: The specific epithet is referred to the 
geographic region of historical Kalinga Kingdom, 
comprising present day south Odisha and northern 
Andhra Pradesh between the river Mahanadi and river 
Godavari in India. The specific name is a noun standing 
in apposition to the generic name. Suggested common 
name: ‘Kalinga Cricket frog’ 


Distribution and Natural History: This species is known 
with certainty from several locaities in Odisha such as 
Mahendragiri hills, Gajapati district; Barbara RE, Khordha 
district; Rajanga, Hindol, Dhenkanal district; Potangi 
hills, Koraput district and Sorada, Ganjam district. In 
Andhra Pradesh this species is distributed in Sileru, 
Visakhapatnam district and Papikonda at Maredumilli, 
East Godavari district, Andhra Pradesh. Fejervarya kalinga 
sp. nov. is widely distributed at an elevation range of 600 to 
1200 m ASL in the northern Eastern Ghats that stretches 
from Mahanadi river in the east to Godavari river in the 
west, which falls in Eastern Highlands biotic provinces 
(Rodgers et al., 2000). It inhabits moist deciduous to 
semi-evergreen forest habitats. The species was observed 
to breed during winter (November to February) season. 
Breeding takes place at the edges of streams, in open paddy 
fields and ditches in swampy grass lands of forested areas. 


Comparisons: Fejervarya kalinga sp. nov. is found sympatric 
with E orissaensis mostly in the lower altitudes in northern 
Eastern Ghats. Although, phylogenetically Fejervarya 
kalinga sp. nov is a member of Western Ghat clade, it can 
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be distinguished from E orissaensis (Figure 5) in having 
relatively smaller adult male size of SVL 37.0 to 43.4 mm 
(n=4) (vs. relatively larger adult male size of SVL 36.2 to 
47.2 mm (n=22) in E orissaensis); larger adult female size 
of SVL 49.1 to 65.0 mm (n=4) (vs. relatively smaller adult 
female size of SVL 34.2 to 53.8 mm (n=22) in E orissaensis); 
head width sub equal to head length (vs. head longer 
than wide in E orissaensis); canthus rostralis angular (vs. 
canthus rostralis obtuse in E orissaensis); webbing medium 
(I 2-1 II 2-2 III 3-3 IV 3-3 V) (vs. webbing extensive (I 1-2 


II 1-1 III 1-2 IV 2-1 V) in E orissaensis); medium to high 
elevation preference with predominant forested habitat 
(vs. low elevation preference with predominant human 
habitation tolerance in F orissaensis). 


Fejervarya kalinga sp. nov. is geographically disjunct (N 
18.18; E 77.95) from its phylogenetic sister species F 
keralensis, distributed in the Western Ghats (N 10.26; E 
76.80), and both the localities are separated by 850 km in 
aerial distance. 


Figure3.  Fejervarya kalinga sp. nov. in life. A. Holotype (ZSI/WRC/A/2018) from Mahendragiri, in life, B. Paratype (ZSI/ 


WRC/A/2021) from Barbara, in life. 


Figure 4.  Fejervarya kalinga sp. nov., holotype, ZSI/WRC/A/2018, adult male, 41.9 mm SVL. Dorsal and ventral view 


(horizontal lines equal 5.0 mm). 
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Fejervarya krishnan sp. nov. 
(Table 2, 4; Refer Figures 1,2,6,7 and 8) 


Holotype: Adult male: Jog fall, Shimoga district, 
Karnataka, (N14.219698°; E 74.809669°), Alt. 508m ASL, 
10-VII-2015, coll. Prudhvi Raj (ZSI/WRC/A/2023). 


Paratypes: Two males and one female: Jog fall, Shimoga 
district, Karnataka, (N14.219698% E 74.809669°), 
Alt. 508m ASL, 10-VII-2015, coll. Prudhvi Raj (ZSI/ 
WRC/A/2024, 2025 & 2026). 


Lineage diagnosis (Figure 2): Fejervarya krishnan sp. 
nov. can be diagnosed phylogenetically as a member of 
the fejervaryan clade, showing a sister relationship to E 
gomantaki exhibiting high level of genetic divergence of 
496 for 16S rRNA. It is also morphologically distinct from 
its sister species (E gomantaki) (Figure 6). 


Morphological diagnosis: This species can be distinguished 
from its congeners by combination of morphological 
characters, small size and slender body; head length equal 
to head width; snout pointed in dorsal aspect; nostrils 
nearer to snout tip; distinct supra-tympanic; moderately 
visible tympanum; indistinct vomerine teeth; tongue 
bifid without a papilla; fore arm shorter than hand; when 
folded, hind limbs touch at right angles to the body; tibio- 
tarsal articulation reaches back of eyes; thigh length less 
than tibia length and rudimentary webbing (I 1-1 II 2-2 
III 2-3 IV 3-2 V). 


In the field, Fejervarya krishnan sp. nov. does not have 
any morphologically confusing congeneric sympatric 
species, and can be identified based on the combination 
of morphological characters including small body size 
(mean SVL of males being 17.3 mm); shorter second 
finger; less prominent palmar tubercle; absence of 
vomerine ridge; dorsum light brown with a black streak 
from the tip of the snout to the supra tympanic fold. 
For comparisons of the new species Fejervarya krishnan 
sp. nov. from its morphologically confusing species and 
probable sympatric congeners, see comparisons below. 


This species is known from the medium elevated (500 m) 
forested landscape of Jog, Shimoga in the central Western 
Ghats. It is geographically disjunct (N 14.22) from its 
phylogenetic sister species, E gomantaki (N 15.74) with 
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an isolation of 180 km aerially. Additional sampling is 
required to establish the range limits of both the sister 
lineages and to understand the geographical barrier for 
isolation of the sister species. 


Description of Holotype (ZSI/WRC/A/2023) (Figures 6 
and 7): A small sized Fejervarya species (SVL: 17.1 mm) 
with slender body; head length almost equal to head 
width (HL/HW:1.01); snout pointed in dorsal aspect (SL: 
2.5mm); canthus rostralis rather angled with loreal region 
concave; nostrils oval, nearer to snout tip than to eye; 
upper eyelid width less than eye diameter (UE/ED: 0.65); 
inter narial distance (IN: 1.8mm) slightly greater than 
inter orbital distance (IOS: 1.9mm); distance between back 
of eyes 1.5 times more than front of eyes (IAE: 3.2mm; 
IPE: 4.9mm); supra-tympanic fold distinct; tympanum 
moderately visible; round (HTYD: 1mm; VTYD:1mm) 
and diameter about 5096 of eye diameter; choanae widely 
separated and vomerine teeth are indistinct; tongue bifid 
without a papilla. 


Fore arm feeble (FaL: 3.3mm) and shorter than hand 
(HAL: 4.2mm); fingers short and thin with blunt tips; no 
dermal fringes; webbing absent; subarticular tubercles 
distinct; palmar tubercle present and moderate; finger 
lengths II«I-IV «III. 


Hind limbs short; tibio-tarsal articulation reaches back 
of eyes; thigh length less than tibia length (TBL: 8.6mm; 
TiL: 7.8mm); foot length 1.9 times of tarsus length (FtL: 
8.7mm, TaL: 4.6mm), relative toe length I«II«V«III«IV 
(FTL = 8.7 mm), toe tip rounded; webbing rudimentary 
(I 1-1 II 2-2 III 2-3 IV 3-2 V); inner metatarsal tubercle 
long and oval and outer metatarsal tubercle round and 
tiny, no dermal ridge along outer edge of fifth toe. 


Snout smooth with no dermal granules; no tubercles in 
inter orbital space or on upper eyelid; skin on the dorsum 
and flanks smooth; no longitudinal glandular folds on 
the dorsum; ventrally smooth on throat and belly but 
granular at the region of thighs; anterio-dorsal region of 
thigh smooth; dorsal surface of tibia and tarsus with small 
granules; slightly granulated around the vent. 


In preservation, dorsum is light brown; black streak runs 
laterally from tip of snout to canthus rostralis and faintly 
ending along the groin; lips and rictal gland yellowish; 
fore limb faintly barred; cross bars on anterior part 
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Table 3. Factor loadings of Principal Component Analysis for 8 morphometric characters of males belonging to 
Fejervarya kalinga sp. nov. and E orissaensis 
Males PC1 PC2 PC3 PC4 PC5 
SVL 0.82768 0.05288 -0.35442 0.24448 -0.19587 
SL 0.35995 -0.62332 0.60239 0.10047 -0.04955 
INS 0.02348 -0.00309 0.01093 0.10144 -0.03084 
HTYD 0.02279 0.18168 -0.03698 -0.07682 0.06949 
HL 0.26779 0.00433 0.17975 -0.47840 0.72830 
HW 0.19490 0.17931 -0.27654 0.19595 0.48413 
T4 0.02435 0.57214 0.58090 0.53899 0.12307 
TBL 0.27205 0.46493 0.25257 -0.59681 -0.41647 
Table 4. Factor loadings of Principal Component Analysis for 18 morphometric characters of males belonging to 
Fejervarya krishnan sp. nov. E chilapata, E. sahyadris and E gomantaki. 
Males PCI PC2 PC3 PC4 PC5 
HW 0.01442 -0.23772 0.62947 0.27566 0.06296 
HL -0.18452 0.17651 0.59645 0.06759 -0.17511 
MN -0.28723 0.51689 0.02926 -0.18155 -0.07604 
MFE -0.29199 0.45040 0.07789 -0.17310 -0.00297 
MBE -0.29299 0.26033 -0.02875 0.07125 0.07813 
IFE -0.03551 -0.06328 0.23014 -0.03601 0.31465 
IBE -0.03121 -0.05754 0.25439 -0.18926 0.41091 
FLL -0.04902 0.05365 -0.09109 -0.05528 0.50509 
HAL 0.04901 0.07634 -0.22205 0.21918 0.37103 
TFL 0.29050 -0.00806 0.10501 0.00970 0.13130 
TiL 0.07110 0.15820 0.04536 -0.16449 0.50000 
FOL 0.07893 0.35363 -0.05437 0.81787 0.07858 
FTL 0.77988 0.45164 0.15152 -0.19088 -0.10686 
IN -0.00125 -0.01428 0.07324 -0.00541 0.05199 
NE -0.01971 0.04709 -0.01264 0.03218 -0.01325 
EL -0.02723 0.03022 0.06536 0.03500 -0.00594 
TYD 0.00186 -0.02483 0.12723 -0.11644 0.00968 
TE 0.00835 -0.02086 0.00193 0.12196 0.07075 
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of thigh, tibia, tarsus and foot though not prominent; 
ventrally throat and thighs cream yellow while the belly 
is dirty white: external vocal sac at the region of throat 
which is light black in colour; faint nuptial pad present on 
the first finger. 


Secondary Sexual Characters: Adult males have an 
external vocal sac at the region of throat which is mostly 
light black in colour, faint nuptial pad present on the first 
finger. 


is kalinga sp. nov. 
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Figure 5. Principal Component Analysis scatter plot 
(of 18 morphometric characters as listed in 
Table 3 transformed to their ratio to SVL) for 
Fejervarya kalinga sp. nov. and F. orissaensis 
(male individuals). 


Additional Information from Paratypes and Referred 
Specimens: Variations in morphometric characters are 
shown in Table 2 for comparison. Paratypes resemble the 
holotype in all aspects of morphology. All male specimens 
had vocal sacs while the female doesn’t. Variation in 
dorsal coloration is also observed in WII-7004 and WII- 
7006 where the bands on the hind limbs were prominent. 
Mid dorsal line was found in the female studied and in 
males of the accession number WII-7005 to WII-7007. 


Etymology: The specific epithet ‘Krishnan’ is named after 
late Dr K. S. Krishnan (Kozhalmannom Subrammaniasastri 
Krishnan) for his contribution in the field of biological 
sciences and being one of the key persons in embarking 
School in Herpetology sponsored by Department of Science 
and Technology. The specific name is a noun standing in 
apposition to the generic name. Suggested common name: 
‘Jog Krishnan cricket frog’ 
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Distribution and natural history: At present Fejervarya 
krishnan sp. nov. is known only from the type locality, 
i.e., in Jog fall, Shimoga district, Karnataka falling in 5B 
biogeographic zone of Western ghats (Rodgers et al., 
2000). However, it is assumed that this species could 
be more widely distributed and additional sampling is 
required to understand the distribution range limits of 
the species. 


Figure 6.  Fejervarya krishnan sp. nov. in life. 


Comparisons: 'The other species of Fejervarya reported 
in the surroundings of the type locality of Fejervarya 
krishnan sp. nov. are F modesta (species needs 
validation), E. mysorensis (no collections after original 
descriptions), E. caperata and F. granosa. But, Fejervarya 
krishnan sp. nov. can be easily distinguished from these 
sympatric congeneric species in having a smaller body 
size, possession of rictal gland and white upper lip. The 
other small species of Fejervarya that could be confused 
due to possession of rictal gland and white upper lip 
include E gomantaki, F. sahyadris and E chilapata. PCA 
analysis comparing the new species with its phylogenetic 
sister and the other confusing probable sympatric species 
suggest a substantial morphological separation between 
Fejervarya krishnan sp. nov. and others (E gomantaki, E 
sahyadris and F chilapata) (Figure 6). PC1 accounted for 
5596 variance and PC2 accounted for 2596 variance. 


Fejervarya krishnan sp. nov. is having second finger 
shortest (vs. finger I shortest in E chilapata); dorsum of 
the body cream brown with number of broken ridges, 
dark streak from the tip of snout ending at the supra- 
tympanic fold and limbs with faint cross bands (vs. dorsal 
parts of head and body greyish beige with light orange 
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Figure 7.  Fejervarya krishnan sp. nov., holotype, ZSI/WRC/A/2023, adult male, 17.1 mm SVL. Left, dorsal view; right, 
ventral view (horizontal lines equal 5.0 mm). 
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Figure 8. Principal Component Analysis scatter plot (of 18 morphometric characters as listed in Table 3 transformed 


to their ratio to SVL) for Fejervarya krishnan sp. nov., E gomantaki, F. sahyadris and E. chilapata (a) for male 
individuals. 
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mid-dorsal line, dark streak from the tip of snout passing 
through canthus rostralis and ending in the second half of 
groin and hind limbs with dark cross bar in E chilapata). 
Adult males of E. krishnan have a lower SVL of 17.3mm 
+ 0.80, n=7 (vs. greater SVL of 20.0mm + 6.95, n=8 in E 
chilapata); smaller MN/SVL ratio of 0.280 (0.272 to 0.287, 
n=7) (vs. greater MN/SVL ratio of 0.364 (0.330-0.384, 
n=8) in E chilapata); lower MPE/SVL ratio of 0.086(0.074 
to 0.098, n=7) (vs. greater MPE/SVL ratio of 0.157 (0.128 
to 0.174, n=7) E chilapata). 


Fejervarya krishnan sp. nov. is having second finger 
shortest (vs. finger I shortest in E gomantaki); palmer 
tubercle less distinct (vs. palmer tubercle not distinct in 
E gomantaki); dorsum of the body cream brown with 
number of broken ridges, dark streak from the tip of 
snout ending at the supratympanic fold and limbs with 
faint cross bands (vs. brown dorsum, dark streak from 
the tip of snout passing through canthus rostralis and 
ending in the second half of groin and hind limbs with 
dark cross bar in E. gomantaki). Adult males of Fejervarya 
krishnan have a lower SVL of 17.3mm + 0.80, n=7 (vs. 
19.3 mm+0.68, n-7 in E gomantaki); lower MPE/SVL 
ratio of 0.086 (0.074 to 0.098, n=7) (vs. greater MPE/SVL 
ratio of 0.116 (0.100 to 0.129, n=7) in E. gomantaki). 


Fejervarya krishnan sp. nov. is having second finger shortest 
(vs. finger IV shortest in E. sahyadris); palmer tubercle 
less distinct (vs. palmer tubercle distinct in E sahyadris); 
vomerine ridge absent (vs. vomerine ridge present in 
Fejervarya sahyadris); dorsum of the body cream brown 
with number of broken ridges, dark streak from the tip 
of snout ending at the supratympanic fold and limbs with 
faint cross bands (vs. dorsum brick red to dark brown, 
dark streak from the snout ends at the supratympanic 
fold, limbs with faint cross bars in E sahyadris). Adult 
males of Fejervarya krishnan have a lower SVL of 17.3mm 
+ 0.80, n=7 (vs. 18.4mm + 6.01, n=10 in E sahyadris); 
smaller MN/SVL ratio of 0.280 (0.272 to 0.287, n=7) (vs. 
greater MN/SVL ratio of 0.360 (0.353 to 0.371, n= 10) 
in E sahyadris); lower MPE/SVL ratio of 0.086(0.074 to 
0.098, n=7) (vs. greater MPE/SVL ratio of 0.168 (0.153 
to 0.178, n=10) in E sahyadris); lower TBL/SVL ratio of 
0.463 (0.437 to 0.479, n=7) (vs. greater TBL/SVL ratio of 
0.429 (0.423 to 0.434, n=10) in E. sahyadris). 
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Discussion 


Although 29 species of Fejervarya are reported from India 
(Dinesh et al., 2017), considering their morphological 
crypticity, there are many possibilities of occurrence of 
many described species distributed in wide range and even 
some species new to science. During the description of a 
new species from the Western Ghats Dinesh et al., (2015) 
have cleared the generic level ambiguity within the family 
(Dicroglossidae) for the genus Fejervarya/ Minervaryal 
Zakerana demonstrating the overlapping distribution 
range among the members of these ‘clades’ and the 
absence of distinct morphological characters to recognize 
the above said genera. Recently, Garg and Biju (2017), 
while describing four new species from the Western 
Ghats, provided four distinct morphological groups for 
the extant 20 species of Fejervarya for this biogeographic 
region. The present study shows that Fejervarya krishnan 
sp. nov. is sister to the small-sized E gomantaki (having 
its range of distribution in the Western Ghats), which in 
turn nested in the clade having species representations 
predominantly from south Asia (Dinesh et al, 2015). 
Furthermore, the large species Fejervarya kalinga sp. nov., 
from the Eastern Ghats, is phylogenetic sister to the other 
large species F. keralensis (having its range of distribution 
in the Western Ghats). On the other hand E orissaensis, 
the probable sympatric species of Fejervarya kalinga sp. 
nov., is showing phylogenetic sister relationship with F 
iskandari within the large-bodied Fejervarya clade having 
species representations predominantly from east/south 
east Asia (Dinesh et al., 2015). This pattern of small species 
having phylogenetic sister in the shorter geographical 
range and the larger species having phylogenetic sister 
in the distant geographical range could be indication of 
either poor species representations for the phylogenetic 
studies or the big sized species could have a wide range of 
distribution. Under these circumstances, morphological 
groupings (Garg and Biju, 2017) for the groups (genus) 
non endemic to biogeographic zones could be dubious. A 
systematic field sampling and phylogenetic studies across 
the entire distribution range of Fejervarya could address 
such taxonomic problems and the phylogenetic patterns 
discussed above. 

Considering the vastness of the geographical area of 
the Eastern Ghats, the species representation is very poor 
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(2 species) when compared to the Western Ghats (20 
species). This indicates the paucity of systematic work in 
the Eastern Ghats biogeographic zone. Earlier works on 
fauna of Eastern Ghats (Guptha et al., 2012; Deuti et al., 
2014) reported assurance E. limnocharis, F. keralensis and 
E orissaensis from Eastern Ghats. However, report of the 
former two from this region might be a case of mistaken 
taxonomic identity in view of the fact that during the 
current study neither of the two species was recorded 
even after extensive field surveys. In recent years, 
herpetological studies have discovered few endemic 
species from the region (Giri et al., 2017) which warrants 
the need for further systematic surveys on this region. 

Fejervarya kalinga sp. nov. is known from a wide range 
of distribution from Godavari river basin to Mahanadi 
river basin and the species Fejervarya krishnan sp. nov. 
is known only from the surroundings of the type locality. 
Hence, we propose “Data Deficient’ status for both the 
species in IUCN Red List, until further systematic field 
samplings. 
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Appendix-II 

SI. No. | Localities Registration number 

1 Mahendragiri, Gajapati, Odisha, India ZSI/WRC/A/ 2018; 2022 

2 Mahuia, Barbara RF, Khordha, Odisha, India ZSI/WRC/A/2019; WII-7015 

3 Rajanga, Hindol, Dhenkanal, Odisha, India ZSI/WRC/A/2020; WII-7018, 7019 
4 Sorada, Ganjam, Odisha, India WII-7017 

5 Potangi, Koraput, Odisha, India WII-7013 

6 Sileru, Visakhapatnam, Andhra Pradesh, India ZSI/WRC/A/2021 
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